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Abstract
In this paper we present PuzzleBeo, an interactive
installation that comprises of a computer mediated
jigsaw puzzle and multimodal display to engage
children with museum exhibits in a fun and playful
manner. PuzzleBeo is designed to allow children to
construct stories within a maritime museum located in
south coast of Ireland. The aim here is to augment
traditional analogue games with digital technology to
enhance children’s experience of the museum while
also stimulating their curiosity in the presented stories.
In the following we describe the design rationale and
technical implementation of the installation, which is
based on creating an inviting and engaging
environment that supports individuals and group
interaction. Furthermore we present initial observations
on user experience through a series of evaluations that
were conducted in the museum.
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Introduction and Background
Children have a fascinating ability to create an
imaginary world with everyday objects around them; a
pencil can become a magic wand or a cardboard box
can turn into a car. The affordances of everyday objects
allow them to be easily perceived by children and
become anything the child wants them to be through
engaging the child’s imagination [10]. Most children are
familiar with jigsaw puzzles and they have been shown
to be good at stimulating cognitive development while
also helping them to learn and develop skills such as
problem-solving, shape recognition and hand-eye
coordination [3]. Tangible User Interfaces (TUIs) have
also been shown to help children perform tasks in-hand
and to assist with collaborative interaction (cf. [11]). In
this paper we present the design and implementation of
an interactive installation that was created in
collaboration with a public maritime museum in Ireland.
PuzzleBeo (see Fig. 1, top) is designed to be used by
children to stimulate interest in a fun and playful way.
The installation is comprised of a TUI (interactive
jigsaw), projected motion graphics, sensor technology
and multimodal feedback.

Fig 1. Top: PuzzleBeo: jigsaw
puzzles and multi-modal displays.
Middle: Girl interacts with puzzle
piece.. Bottom: Boy assembles
jigsaw puzzle

The study of TUIs in museums continues to be explored
by a number of different researchers. For example,
Horn and his colleagues proposed a number of design
considerations when installing a tangible exhibit in a
museum [5]. These include being inviting and
apprehendable to a first-time visitor, while also
supporting group interaction. Horn et al. assert that it
may be more important for people to acquire
“experience, observation, perception, experimentation,
imagination” than to be presented with specific facts
(p.196 [5]). In contrast, De Bérigny Wall considers
informing museum visitors on facts and statistics to be
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an important aspect of TUI museum displays [4]. This
is manifested in her design of InterANTARCTICA, an
immersive and tangible museum exhibit, which is
specifically aimed at informing visitors on climate
change [4]. While InterANTARCTICA retains some
traditional aspects of museum exhibits e.g. large
screens displays, the approach to interactivity is more
embodied, as visitors manipulate digital content
through bodily gestures and movement. The primary
aim of our research is to facilitate a fun and playful
experience for children. To achieve this we were
primarily influenced by the work of Adillions and Antle.
While Adillions [1] indicates the importance of play in
the creation of a purposeful experience, Antle [2]
proposed creating an environment based on experience
rather that education. Antle also illustrated the
importance of designing a space whereby “Children
develop intelligence through their physical, social and
spatial interactions with the world” ([2] p196).
Similarly, prior research has shown that integrating
curiosity and play into children’s museum exhibits
increases engagement levels. For instance, MacDonald
explored the role curiosity plays [7] and Sturm [9]
explored open-ended play and showed how social
interaction and simplicity are key factors in a successful
playground.

Design & Implementation
In the early stages of the design process we envisaged
an installation aimed at children between 5-10 years
old that would stimulate an interest in museum
artefacts in a fun and playful manner. We also sought
to create a heightened sensory experience by
presenting information through touch, sight and
sounds. When formulating our design approach, we
were heavily influenced by Zheng’s Creative Surprise
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Figure 2. PuzzleBeo floor plan. A Jigsaw
with projected Graphics, B: Thermal Wall
Node, C: Auditory Wall Node, D: Haptic
Wall Node

Model (CSM) [12]. This is a cognitive framework that
draws links between the emotion of surprise and the
generation of creativity and interest. This model
encouraged us to design a solution that offers visitors
freedom to construct their own rules, goals and
meaning and inspires exploratory behaviour and
encourages collaboration. Another aspect of our design
strategy was to offer children an entry point that they
are familiar with, to allow them to become comfortable
with the interface as early as possible. To achieve this
we decided to augment a traditional game instead of
designing a unique interface. With this in mind we
chose to use a jigsaw puzzle as the core element
because of its ubiquity and the potential it offered in
regards to digital augmentation (e.g. projection
mapping). Over the course of 3-months we developed a
prototype that we call PuzzleBeo (Gaelic translation of
‘Live Puzzle’). PuzzleBeo consists of two jigsaw puzzles,
and three interactive multimodal wall ‘nodes’. Much like
a traditional jigsaw puzzle, an image is printed onto
each piece, and the entire image can only be seen
when all the pieces are assembled correctly. The
individual jigsaw pieces can also be inserted into wall
nodes, which are placed on museum walls nearby the
puzzle. Each wall node consists of a flat surface with a
cut-out of a jigsaw piece that matches one piece from
the board. Once a puzzle piece is inserted into the node
various multimodal content is displayed on the wall.
The size of the jigsaw was an important consideration,
as we wanted the puzzle to be easily assembled by one
child or as part of a group of children. The dimensions
of the puzzle is 120cm x 80cm and consisted of six
pieces. The puzzle board, pieces and wall nodes were
constructed from laser-cut plywood. We used light
dependent resistors (LDRs) and RFID technology to
detect when the puzzle has been fully and correctly
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assembled. Once this has happened animated graphics
are overlaid onto the face of the jigsaw using a digital
projector. The printed image and motion graphics form
the basis of a story related to the museum. In this case
we presented the story of the sailing and sinking of the
RMS Titanic. The design of the animation and printed
graphics was informed by the target user group - a
cartoonish, colourful aesthetic was employed to appeal
to children. As well as forming part of the jigsaw
puzzle, each piece can also be used to trigger
multimodal information on each of the wall nodes. To
detect which piece was placed in the individual wall
nodes, we embedded a unique RFID card in each of the
pieces, while each wall node was equipped with a RFID
reader. To generate feedback, the audible wall node
was equipped with a microcontroller, SD-card and 8volt speaker. Once triggered these played audio clips
that consisted of sounds that would typically have been
heard on-board the Titanic. The haptic node was
equipped with a 9-volt solenoid that generated
vibrations to simulate the ship’s engine room, which
can be felt by the children when they place their hand
of the jigsaw piece. Finally, the thermal node contained
a thermo-electric cooler module embedded behind an
image of an iceberg, which emitted cold temperature
(as low as -3°C) that is also perceived by placing a
hand on the module.

User Evaluation and Initial Observations
We deployed PuzzleBeo in the museum for a period of
3-days when the museum was open to the public. The
main purpose of this was to gather initial data on how it
is used by visitors, as well as exposing any usability
and technical concerns. During the deployment we
observed PuzzleBeo in use by over 100 visitors and we
also carried out three planned evaluation sessions with
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Figure 3 Multimodal Wall Nodes. Top:
Thermal node with a thermo-electric
cooler module. Middle: Haptic node
with a 9-volt solenoid. Bottom:
Auditory node with an SD-card and 8volt speaker

children visiting the museum with their parents. In the
planned study sessions we observed participants of the
group (parents and children) actively engaging with
each other, while at certain times different members
would take charge. We noted different members would
lead the group but this would change when the group
moved from the jigsaw to the wall nodes. We found the
majority of participants demonstrated a clear
understanding as to what they had experienced by
retelling the stories during the follow-up interviews.
Most children experienced no issues when building the
jigsaw puzzle. In fact, given that it was made up of
only six pieces, its simple design may not have
provided enough of a challenge for older children. Upon
completing the puzzle and activating the graphics,
however, most children reacted in a surprised and
pleased way to bringing the puzzle ‘to life’. When
observing visitors engaging with the multimodal wall
nodes we noticed that the audio played through the
wall nodes seemed to prompt children to ask questions
and start discussions on the scenes being depicted by
the audio. For instance, one audio clip consists of
traditional Irish dance music, the sounds of the third
class cabin on the RMS Titanic. These sounds seemed
to stimulate conversations on what they thought was
happening. For example, one child remarked to
another: “I think that’s people dancing because it’s
music like they play on St. Patrick’s Day or at Irish
dancing”. The audio also seemed to engage the children
by remaining, to a certain extent, ambiguous and
intriguing. At the same time it aroused their curiosity
and provoked them to ask questions of each other and
provide their own theories. In comparison to this, the
haptic and thermal nodes tended to be experienced
individually, where the children queued and took turns.
Although this was to be expected, as these nodes
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(haptic & thermal) can only be perceived by one person
at a time, we noted the children were most eager to
use these wall nodes. Follow up interviews with the
children also revealed that they found the experience of
interacting with these wall nodes to be novel and
exciting. For instance, one child remarked that he was
“not expecting the iceberg to actually be cold”. We note
that the child could establish a connection between the
temperature of the node and an iceberg. A positive
aspect of the haptic and thermal node was the
eagerness demonstrated by most children to reuse this
node - this was not as evident with the auditory node.

Conclusion and Future Work
In this paper we presented PuzzleBeo: a multimodal
installation that enables children to engage with stories
in a museum in a fun and playful way. Following a
deployment study at the Museum, we observed and
interviewed groups of children while they engaged with
the installation. Our initial observations relate to the
effect modalities have on children’s experience of
museum content, the use of novel modalities and
meeting children’s expectations. While this study was
short, we believe that it shows the potential of utilizing
the familiarity of games (such as jigsaw puzzles)
augmented with dynamic multimodal content, to
engage children with museum content. The next phase
of this project involves taking what we have learned in
this study and incorporating it into the design of new
museum displays. We are interested in exploring the
digital augmentation of outdoor museum spaces. By
scaling up a similar strategy to that of PuzzleBeo, we
hope to create an environment that children are
familiar with, provides them with an easy point of
entry, and makes their experience of the museum more
stimulating, fun and playful.
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